Background: To evaluate the treatment outcome and major late complications of all patients with recurrent nasopharyngeal carcinoma (NPC) treated with intracavitary brachytherapy (ICBT) in Hospital Kuala Lumpur. Materials and Methods: This retrospective study was conducted at the Department of Radiotherapy and Oncology, Hospital Kuala Lumpur, Malaysia. All patients with histologically confirmed recurrent NPC in the absence of distant metastasis treated in the period 1997-2010 were included in this study. These patients were treated with ICBT alone or in combination with external beam radiotherapy (EBRT). Treatment outcomes measured were local recurrence free survival (LRFS), disease free survival (DFS) and overall survival (OS). Results: Thirty three patients were eligible for this study. The median age at recurrence was 56 years with a median time to initial local recurrence of 27 months. Majority of patients were staged as rT1-2 (94%) or rN0 (82%). The proportion of patients categorised as stage III-IV at first local recurrence was only 9%. Twenty one patients received a combination of ICBT and external beam radiotherapy while 12 patients were treated with ICBT alone. Median interval of recurrence post re-irradiation was 32 months (range: 4-110 months). The median LRFS, DFS and OS were 30 months, 29 months and 36 months respectively. The 5 year LRFS, DFS and OS were 44.7%, 38.8% and 28.1% respectively. The N stage at recurrence was found to be a significant prognostic factor for LRFS and DFS after multivariate analysis. Major late complications occurred in 34.9% of our patients. Conclusions: Our study shows ICBT was associated with a reasonable long term outcome in salvaging recurrent NPC although major complications remained a significant problem. The N stage at recurrence was a significant prognostic factor for both LRFS and DFS.
Introduction
Nasopharyngeal carcinoma (NPC) is one of the leading neoplasms diagnosed annually in Southern China, Southeast Asia, Northern Africa and Alaska. In China, it is one of the most common cancers and is considered an endemic disease . The 2005 Malaysian National Cancer Registry (NCR) reported NPC as the 3rd most common malignancy among Peninsular Malaysian males after large bowel and lung cancer. In spite of aggressive treatment, 10 year local recurrence free rates are only about 15-20% (Zhang et al., 1989; Lee et al., 2005) .
Patients with early stage recurrent NPC can be considered for surgery but this constitutes only a small percentage of patients with recurrent NPC. Most patients should be considered for re-irradiation and this can be done with ICBT with or without EBRT.
Brachytherapy offers the possibility of high dose irradiation with rapid dose fall off beyond the target volume, therefore permitting sparing of surrounding critical structures. overall treatment duration is slightly shorter compared to EBRT. Numerous publications have consistently shown the categorical benefit of brachytherapy in achieving good long term local control (LC) and improved survival outcome. A recent study employing ICBT using HDR afterloading technique in treating recurrent NPC patients reported median overall recurrence free survival (RFS) of 26 months with 3 and 5-year disease free survival (DFS) rate of 50% and 25% respectively. A higher normalized total dose was associated with a higher chance of LC (Terlikiewicz et al., 2005) . One study investigating 91 patients with non-metastatic locally recurrent NPC treated with EBRT with or without ICBT reported 5 year DFS and OS of 33% and 33% respectively (Leung et al., 2000) . Although there was a significantly better LC with a total dose of more than 60Gy, this was associated with a high incidence of major late complications. A total of 57% of patients from this series experienced one or more major complications with recurrent T stage predictive of major complications. A recent study analysed the outcome of treatment employing modern RT techniques with or without ICBT on 29 recurrent NPC patients.
There were an almost equal number of patients in Stages I-II and III-IV. Approximately 83% of patients received IMRT while 45% received combined modality treatment (CMT) with ICBT. The 5-year LC and OS were 52% and 60%, respectively. Although there were no differences in outcome between groups treated with CMT versus EBRT, grade 3 complications were significantly lower in the CMT group (Koutcher et al., 2010) .
Materials and Methods
This is a retrospective study conducted at the Department of Radiotherapy and Oncology, Hospital Kuala Lumpur. The aim is to evaluate the LRFS, DFS, OS and major late complications of all patients with recurrent NPC treated with ICBT between the periods 1997 to 2010 at this centre. All patients with histologically confirmed recurrent NPC in the absence of distant metastasis were included in this study. These patients were treated with ICBT alone or in combination with EBRT. The total brachytherapy dose was normalised according to the linear quadratic formula (without a time factor correction) for a biologically equivalent effect to conventional 2 Gy per fraction treatment. An α/β value of 10 Gy was used for tumour effect while an α/β value of 3 Gy was used for late organ effect Several endpoints were defined in our study as below. 
Brachytherapy technique
In HKL the commonest fractionation regime used in ICBT alone was 30Gy in 5 or 6 fractions. The ICBT fractionation most commonly used in combination therapy with EBRT was 10-12Gy in 2 fractions. Each fraction is given 3-7 days apart to allow for normal tissue recovery. The total EBRT dose ranges between 40-50Gy. Neoadjuvant chemotherapy was used selectively to downstage locally advanced tumour prior to re-irradiation. Although this approach remains controversial, some patients may benefit from tumour down-staging that leads to a smaller radiation volume and less radiation toxicity. ICBT with the microSelectron ® stepping source HDR technique using Iridium-192 as the radiation source was first introduced in 1997 at HKL. Our centre uses a set of Nucleotron ® HDR nasopharyngeal balloon applicators which consist of 2 sets of nasopharyngeal catheters and dummy seeds. The planning target volume (PTV) is drawn on both orthogonal films by the oncologist based on the extent of the disease from the diagnostic images. The physicist counter-checks the films and digitizes the images. Both dose points and organs at risk are marked by the oncologist. The dose points are prescribed to either 1.0 or 1.5 cm from the central axis of the catheters. Organs at risk such as the brainstem, spinal cord, pituitary and optic chiasm are marked at the midline plane. The pituitary is marked at the centre of the pituitary fossa. The brainstem is marked 0.5 cm behind the inferior clivus. Three dose points are chosen to define the spinal cord. The initial two dose points are marked at the posterior vertebral body of C1 and C2 while the third dose point is marked between these two points at the posterior vertebral body. All cases in our study involve 2D computerised planning using the PLATO ® planning system.
Results
A total of 61 patients were treated with ICBT between 1997 and 2010. However, only 33 patients were eligible for this study analysis after obtaining full medical records from both the radiotherapy department and the Archives Unit of HKL. The clinical characteristics are listed in table 1. The median age at recurrence was 56 years (range: 36-82 years). Median time to initial local recurrence was 27 months (range: 4-188 months). Fifteen patients recurred less than 24 months, out of which only three patients recurred within 12 months after primary treatment for NPC. Majority of patients were staged as rT1-2 (94%) or rN0 (82%). The proportion of patients categorised as stage III-IV at first local recurrence was only 9% in this patient population. Out of the five patients with rT2, four of them have parapharyngeal involvement (rT2b). A total of 32 patients were treated for local recurrence while one patient was treated for persistent local disease. Out of 32 patients, 29 were treated as first local recurrence while the remaining three patients received treatment for second local recurrence. The secondMedian time interval from first local recurrence to initiation of salvage treatment was 2.5 months (range: 0.6-7.1 months). Salvage treatment may vary from neoadjuvant chemotherapy, EBRT, ICBT or combined modality treatment (CMT). Twenty one patients received CMT while 12 patients were treated with ICBT alone. All but two patients completed their treatment. One of these two patients did not achieve satisfactory target volume coverage despite computerised optimisation. He received three brachytherapy insertions DOI:http://dx.doi.org/10.7314/APJCP.2013.14.11.6513 Treatment Outcome with Brachytherapy for Recurrent Nasopharyngeal Carcinoma Four were completely lost to follow up while two patients passed away within six months of brachytherapy. The 27 evaluable patients had a median nasopharyngoscopy assessment at 3 months (range: 1-9 months). Treatment outcome is summarised in Table 2 . The median LRFS, DFS and OS were 30 months (range: 4-108 months), 29 months (range: 4-108 months) and 36 months (range: 7-110 months) respectively. Median time to local failure, time to progression and time to distant metastases was 32 months (range: 16-108 months), 27 months (range: 4-108 months) and 14 months (range: 8-35 months) respectively. The 5 year LRFS, DFS and OS were 44.7%, 38.8% and 28.1% respectively. Survival curves for both LRFS ( Figure  1 ) and OS (Figure 2 ) are shown below.
Ten patients who developed progressive disease after brachytherapy received further salvage treatment. One patient underwent nasopharyngectomy while another underwent right neck node dissection. Eight patients underwent palliative chemotherapy at progression. Both patients who underwent surgery are still alive, one of them with local and metastatic disease. All eight patients who underwent palliative chemotherapy have died. Eight Figure 2 . Overall Survival before conversion to EBRT. The other patient developed soft palate oedema after one insertion procedure. Attempts at further insertions failed despite intervention from the head and neck surgeon who tried to release the synechiae. This patient subsequently received EBRT alone. Median total dose received was 56Gy (range: 13-74Gy). A total of 20 patients received more than 50Gy. Combination therapy was given to 21 patients with a median dose of 58.8Gy (49.9-74.0Gy). Twelve patients were treated with brachytherapy alone with median dose of 16Gy (range: 9.3-37.5Gy). All patients who received EBRT before or after ICBT received EBRT doses ranging between 39.6-50.4Gy. Six patients received neoadjuvant chemotherapy. The most common regime was 5-day cisplatin/5-fluorouracil regime. This regime was used in all patients except one patient who was given ifosfamide based regime. Treatment characteristics are summarised in Table 1 . Only 27 patients were evaluable for treatment response by direct nasopharyngoscopy and available imaging. Six patients did not have nasopharyngoscopy as planned. to dose escalation (Han et al., 2012) . Our median total dose was 56Gy but there was a wide range of doses from 13-74Gy. Better dose conformity and dose escalation may contribute to improved survival. A longer time interval to initial local recurrence was associated with improved outcome among patients with recurrent NPC in some studies. The time interval to initial local recurrence was 27 months in this study. A large retrospective review involving 847 patients with recurrent NPC found that patients with longer latency period achieved a significantly higher disease specific survival and distant failure free survival (Lee et al., 1999) . Long latency period reflects a different pathological behaviour yet to be determined although several possibilities were discussed including tumour recurrence, new second primary either de novo or secondary to radiation or reinfection with different Epstein-Barr viral genome.
In our study, almost all our patients were staged rT1-2 stage disease. Only two patients were staged rT3-4. In a larger study, rT stage was found to be a statistically significant factor for LC but not disease specific survival or OS (Law et al., 2002) . Conversely, rT stage was found to be statistically significant for OS but not overall RFS (Terlikiewicz et al., 2005) . The type of recurrence was shown to be a significant prognostic factor for LC from other studies. Patients with persistent disease tend to do better with long-term LC rate of 85-87% compared with a lower LC rate between 45-63% among those with locally recurrent disease. Patients with second local recurrence do worse with 5-year LC rate of 23% (Kwong et al., 2001 ). This study had only one patient with locally persistent disease and this patient was disease free for more than 5 years.
Various publications have stressed the importance of re-irradiation dose as an independent prognostic factor for OS and LC. However, re-irradiation using mainly EBRT techniques to more than 60Gy failed to achieve long term LC instead was associated with significant neurological complications (Teo et al., 1998) . Re-irradiation doses between 50-60Gy were able to obtain 100% LC rate for recurrent T1-3 lesions using IMRT techniques (Han et al., 2012) . Other studies show retreatment total dose between 50-60Gy was associated with improved LRFS or OS (Chang et al., 2000; Leung et al., 2000) . However, normalised total brachytherapy dose was not demonstrated to have a statistically significant effect on OS. Only the total dose from the EBRT was shown to be associated with a significant effect on OS (Terlikiewicz et al., 2005) .
Combined modality treatment has also been shown to improve LRFS and DFS (Leung et al., 2000) . In addition, combination therapy was associated with significantly less complications even in the era of IMRT (Koutcher et al., 2010; Leung et al., 2000) . A combination of EBRT dose of 40Gy and normalised total dose of 10-20Gy with brachytherapy may achieve an adequate tumouricidal dose with acceptable risk of complications.
About 20% of our study population subsequently developed distant metastases. Median time to distant metastases was 14 months (range: 8-35 months). Three patients were diagnosed with distant metastases within a year. The most common sites of distant metastases were Table 2 . About 35% patients developed major complications. Neurological complications occurred in 12.1% of patients. The patient who developed right optic neuropathy received 66Gy of CCRT and was retreated 32 months later with ICBT alone with a normalised total dose of 37.5Gy. She received a cumulative dose of 1.9Gy to the optic chiasm from ICBT. She had no other predisposing co-morbidity. As the dose contributed by the ICBT to the optic chiasm was low, we believe that this complication may be attributed to the late effect of the primary CCRT. Three patients with temporal lobe necrosis/sclerosis were treated with 70Gy of CCRT and re-irradiated with 50Gy of EBRT and ICBT with a normalised total dose of 62.50Gy. Unfortunately, all three did not have documentation of their brainstem dose from ICBT. All of them were retreated within 16-21 months after completion of CCRT. We compile a list of major nonAmong patients with trismus, 71.4% occurred in the CMT group whereas only two patients or 28.6% occurred in the ICBT alone group. A fatal carotid blowout occurred in one patient who was irradiated twice to the neck. He received 60Gy and 10Gy boost to the neck initially before re-irradiation with 60Gy electron beam therapy. The treatment gap between primary RT to re-irradiation was 15 months. Both patients with fistula received primary EBRT of 70Gy without chemotherapy and were re-irradiated with CMT. The patient with palatal fistula had local disease extending to the palate prior to reirradiation. The major complications and the total dose received during re-irradiation are summarised in Table 2 .
Discussion
Our 5 year LRFS, DFS and OS of 44.7%, 38.8% and 28.1% respectively were similar with those reported in the literature for reirradiation after ICBT. The 5 years OS of other studies in recurrent NPC range between 6-60% (Yang et al., 1996; Leung et al., 2000; Law et al., 2002) . In the study employing the mould technique, the 5 year LC rate of 63% (for first local recurrence) was attributed to improved dose conformity (Kwong et al., 2001) . The IMRT technique with a mean GTV dose of 70Gy achieved a 5-year LRFS and DFS of 86% and 45% probably due the liver and lung. All patients who developed distant metastases had evidence of loco-regional recurrence. In comparison, a large retrospective study in an endemic area with recurrent NPC only found distant metastatic rate of 6%. Bone metastases were the commonest and the earliest site of metastases which accounted for about 40% of cases (Yang et al., 1996; Liu et al., 2008) .
The rate of complications in our study may not reflect the actual incidence of complications secondary to salvage RT due to under-reporting. Another important factor to bear in mind in interpreting our complication results was the difficulty in differentiating between primary RT and salvage RT as the primary factor to the development of complications. Based on available data, major complications occurred in 34.9% of our patients. Comparatively, about 57% of patients in a large retrospective review developed major complications after salvage radiation in locally recurrent NPC (Teo et al., 1998) . The most common major complication encountered in our study was moderate to severe trismus involving approximately 20% of the patients. A retrospective review comparing outcome among EBRT, CMT and ICBT alone as salvage for recurrent NPC found a higher percentage of patients in the EBRT arm alone that experienced trismus (37%) as compared to CMT (24%) or brachytherapy alone (13%) (Teo et al., 1998) . This finding is consistent with our study although an even higher percentage (70%) of our patients who received combination treatment developed moderate to severe trismus. Central nervous system (CNS) complications occurred in approximately 12% of our patients. There were three patients with temporal lobe necrosis or sclerosis. All of them were staged rT1. All three patients received primary CCRT and were retreated within 14-21 months. The normalized total dose received was 62.5Gy (EBRT: 50Gy). We speculate that this may be due to inadequate neural tissue recovery as the time interval was short and may be compounded by the concurrent usage of chemotherapy during the initial treatment. A lower dose of EBRT combined with a higher ICBT component may reduce this neurological complication.
In conclusion, our study shows ICBT was associated with a reasonable long term outcome in salvaging recurrent NPC and should be considered as an option in reirradiation alone or in combination with EBRT.
